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(54) Packet transmission control method

(57)  The objectis to control interference in a permis-
sible range by applying the CDMA system to signal col-
lision in the conventional CSMA and TDMA base multi-
hop systems and to relax the hidden terminal problem
and others to enhance the throughput of the entire sys-
tem by grouping of channel groups in multihop transmis-
sion and by control of transmission based on an inter-
ference level from another station. A multihop relay sta-
tion calculates a desired signal level, for example, from
an interference level at its own station of a packet sent

Fig.1

from a mobile station, and notifies the mobile station of
the desired signal level; and the mobile station calcu-
lates a transmission power amount of a packet from the
desired signal level, determines whether the packet is
transmissible to the station as a source of the desired
signal level, on the basis of the transmission power
amount, and transmits the packet by a power of the
transmission power amount to the source station deter-
mined as a packet-transmissible station. On this occa-
sion, an interference signal is weakened by assignment
of channel groups 1, 2 for transmission of signals.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a radio com-
munication system, a base station, a relay station, a mo-
bile station, and a packet transmission control method
to which the multihop technology of establishing con-
nection between a mobile station and a base station
through multi-step relaying by relay stations, is applied.
[0002] In the radio communication system according
to the present invention, stations associated with one
communication operation include three stations, "base
station," "relay station," and "mobile station," wherein
the "base station" will refer to a station that can be linked
with another base station through core network, the
"mobile station" to a terminal that first requests trans-
mission of a packet or that receives a packet last (i.e.,
a final destination), and the "relay station" to a terminal
that functions to relay a packet from the mobile station
to the base station or to relay a packet from the base
station to the mobile station.

[0003] The term "transmitting direction of a packet"
generally refers to an "uplink direction" from the mobile
station to the base station and a "downlink direction"
from the base station to the mobile station in the above
radio communication system, and the "uplink direction"
and "downlink direction" will also be used under the
above meanings. The term "hop count" means the
number of relays carried out by stations existing be-
tween a transmission-originating station and the desti-
nation station. For example, in the case of communica-
tion in the uplink direction, the hop count means the
number of relays carried out by mobile stations or relay
stations between the -base station and the mobile sta-
tion when the mobile station performs the communica-
tion; specifically, the hop count of the base station is 0,
the hop count of a mobile station capable of direct com-
munication therewith is 1, and the hop count of a mobile
station or a relay station other than those is assumed to
increase by one per relay. The hop count in the embod-
iments of the invention described hereinafter means the
foregoing "number of relays carried out by mobile sta-
tions or relay stations between the base station and the
mobile station when the mobile station performs the
communication." In the case of communication in the
downlink direction, the hop count is the number of relays
carried out by base stations or relay stations between
the base station and the mobile station when the base
station performs the communication.

Related Background Art
[0004] In the conventional cellular mobile communi-

cation systems, a mobile station selects a base station
yielding the highest reception level at every moment and
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establishes direct communication with the selected
base station to participate in a network. On that occa-
sion, if the reception level from the base station trans-
mitting signals at the maximum power is below a re-
quired value, the mobile station will fail to establish com-
munication with the base station.

[0005] In order to solve this problem, there are pro-
posals for the multihop system of relaying signals via
other mobile stations to establish-communication with
the base station on the occasion of failure in direct com-
munication with the base station. For example, the mo-
bile station 14 shown in Fig. 1 is able to establish direct
communication with the base station 12, but the mobile
station 11 is unable to establish direct communication
with the base station 12, because an obstruction 15 ex-
ists between the mobile station 11 and the base station
12. The multihop technology is a technique wherein, in
the case of the failure in direct communication, another
mobile station 13 having a relaying function acts as a
relay station to relay communication between the mobile
station 11 and the base station 12, thereby implement-
ing the communication between the mobile station 11
and the base station 12.

[0006] Since the multihop system as described ena-
bles communication of the mobile station lying in an area
in which radio waves from the base station are unreach-
able, it facilitates installation of stations used to be hard
to install because of buildings and topographic features.
In the conventional methods the entire service area had
to be covered by only cells of base stations, whereas
adoption of the multihop system enables the mobile sta-
tions to establish communication by multihop even if
there are gaps between cells. Therefore, the multihop
system makes it feasible to decrease the number of
base stations and to reduce cost necessary for con-
struction of networks.

[0007] However, the CSMA base multihop system
proposed heretofore suffered the so-called hidden ter-
minal problem (the problem that, because adjacent sta-
tions transmit signals at the same frequency, a station
lying in an overlapping area of cells of these adjacent
stations fails to receive signals because of collision of
received radio waves from the stations (e.g., reference
is made to the report "Title: "Does IEEE 802.11 MAC
protocol work well on multihop wireless ad-hoc
networks," Author: Shugong Xu, et al." published in
"IEEE communication magazine (2001)")), and prob-
lems of increase of traffic and decrease of throughput
of the system due to the hidden terminal problem and
others still remained unsolved.

[0008] In the conventional cellular mobile communi-
cation systems, as described above, the range of the
service area was largely affected by arrangement of
base stations and there arose the problem that the mo-
bile stations failed to establish communication in areas
where reception levels of radio waves from the base sta-
tions were low. The conventional CSMA and TDMA
base multihop systems are promising as means for en-
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abling the above incommunicable mobile stations to es-
tablish communication, but the hidden terminal problem
and others occurred depending upon arrangement of re-
lay stations, so as to cause increase of traffic and de-
crease of throughput of the system.

[0009] The presentinvention has been accomplished
in order to solve the above problems, and an object of
the invention is to provide a radio communication sys-
tem, a base station, a relay station, a mobile station, and
a packet transmission control method that enable a mo-
bile station to establish communication more securely
independently of arrangement of relay stations while
avoiding the increase of traffic and the decrease of
throughput of the system.

SUMMARY OF THE INVENTION

[0010] In order to achieve the above object, a radio
communication system according to the present inven-
tion is a radio communication system comprising a base
station, a mobile station, and a relay station having a
relaying function in multihop packet transmission and
configured to perform communication based on a wire-
less packet transmission system, wherein a receiver
station in the packet transmission comprises: interfer-
ence level measuring means for measuring an interfer-
ence level at the time of receiving a packet; desired sig-
nal level calculating means for calculating a desired sig-
nal level on the basis of the interference level obtained
in the measurement; and desired signal level notifying
means for notifying a sender station of the desired signal
level thus calculated; and wherein the sender station
comprises: transmission power amount calculating
means for calculating a transmission power amount of
a packet on the basis of the desired signal level notified
of by the receiver station; and determining means for
determining whether the packet is transmissible to the
receiver station, on the basis of the transmission power
amount calculated by the transmission power amount
calculating means. In a certain packet transmission
stage, any of the base station, the mobile station, and
the relay station can be the "receiver station." Likewise,
any of the base station, the mobile station, and the relay
station can also be the "sender station."

[0011] Namely, in the receiver station in packet trans-
mission, the interference level measuring means meas-
ures the interference level at the time of receiving a
packet, the desired signal level calculating means cal-
culates the desired signal level based on the interfer-
ence level obtained in the measurement, and the de-
sired signal level notifying means notifies the sender
station of the desired signal level thus calculated. In the
sender station, the transmission power amount calcu-
lating means calculates the transmission power amount
of a packet on the basis of the desired signal level thus
notified of, and the determining means determines
whether the packet is transmissible to the receiver sta-
tion, on the basis of the transmission power amount thus
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calculated. The sender station performs the packet
transmission control by the search for links and the de-
termination on whether to send the packet, on the basis
of the interference level at the receiver station in the
manner as described. In this way the sender station is
notified of the desired signal level obtained on the basis
of the interference level at the receiver station, calcu-
lates the transmission power amount of the packet on
the basis of the desired signal level, and determines
whether the packet is transmissible to the receiver sta-
tion, on the basis of the transmission power amount cal-
culated, whereby it is feasible to implement the appro-
priate determination on whether to send the packet in
accordance with the interference level at the receiver
station and to avoid the hidden terminal problem and the
inconveniences including the increase of traffic, the de-
crease of throughput of the system, etc., independently
of the arrangement of relay stations.

[0012] The above radio communication system is
characterized by the determination on whether to trans-
mit the packet in accordance with the interference level
at the receiver station, which is a feature different from
the CSMA/CD system configured to determine whether
to transmit the packet on the basis of an interference
signal, instead of the interference level.

[0013] Another radio communication system accord-
ing to the present invention is a radio communication
system comprising a base station, a mobile station, and
a relay station having a relaying function in multihop
packet transmission and configured to perform commu-
nication based on a wireless packet transmission sys-
tem, wherein a receiver station in the packet transmis-
sion comprises: interference level measuring means for
measuring an interference level at the time of receiving
a pac-ket; desired signal level calculating means for cal-
culating a desired signal level on the basis of the inter-
ference level obtained in the measurement; determining
means for determining whether a packet is transmissi-
ble from the sender station, on the basis of at least one
of the interference level, the desired signal level, a re-
ception level of a control signal, and a hop count from a
transmission-originating station to its own station; and
notifying means for notifying the sender station of the
desired signal level according to a result of the determi-
nation by the determining means.

[0014] Namely, in the receiver station in packet trans-
mission, the interference level measuring means meas-
ures the interference level at the time of receiving a
packet, and the desired signal level calculating means
calculates the desired signal level on the basis of the
interference level obtained in the measurement. Then
the determining means determines whether a packet is
transmissible from the sender station, on the basis of at
least one of the interference level, the desired signal lev-
el, the reception level of the control signal, and the hop
count from the transmission-originating station to its
own station, and the notifying means notifies the sender
station of the desired signal level according to the result
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of the determination by the determining means. In this
way the receiver station determines whether the packet
is transmissible from the sender station, on the basis of
at least one of the interference level at the receiver sta-
tion, the desired signal level, the reception level of the
control signal, and the hop count from the transmission-
originating station to its own station, and notifies the
sender station of the desired signal level according to
the result of the determination. This makes it feasible to
implement in the receiver station, the appropriate deter-
mination on whether to transmit the packet from the
sender station, on the basis of at least one of the inter-
ference level at the receiver station, the desired signal
level, the reception level of the control signal, and the
hop count from the transmission-originating station to
its own station.

[0015] In the radio communication systems as de-
scribed above, preferably, the receiver station is config-
ured to further comprise: destination deciding means for
deciding a next receiver station as a destination of a
packet on the basis of at least one of a reception level
of a control signal, an interference level at its own sta-
tion, and a hop count from a transmission-originating
station to its own station.

[0016] The interference level measured by the inter-
ference level measuring means can be an interference
level at the receiver station of a channel group used in
reception of the packet.

[0017] There are no specific restrictions on the above-
stated wireless packet transmission system to which the
presentinvention is applied, but the present invention is
especially suitably applicable to systems of identifying
users by codes, using the same frequency and the same
time (e.g., CDMA and OFCDM). Particularly, it is pref-
erable in the present invention that the CDMA system
be used as the wireless packet transmission system,
and application examples thereof will be described later.
[0018] In order to achieve the above object, another
radio communication system according to the present
invention is a radio communication system comprising
a base station, a mobile station, and a relay station hav-
ing a relaying function in packet transmission and ap-
plying CDMA to a radio multiplexing scheme of packet
transmission, wherein the base station or the relay sta-
tion comprises: interference level measuring means for
measuring an interference level at its own station of a
channel group used in reception, at the time of receiving
a packet; desired signal level calculating means for cal-
culating a desired signal level on the basis of the inter-
ference level obtained in the measurement; and desired
signal level notifying means for notifying the mobile sta-
tion of the desired signal level thus calculated; and
wherein the mobile station comprises: transmission
power amount calculating means for calculating a trans-
mission power amount of a packet on the basis of the
desired signal level notified of by the base station or the
relay station; and determining means for determining
whether the packet is transmissible to the station as a
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source of the desired signal level, on the basis of the
transmission power amount calculated by the transmis-
sion power amount calculating means.

[0019] Namely, in the base station or the relay station,
the desired signal level calculating means calculates the
desired signal level on the basis of the reception level
of the packet sent from the mobile station and the inter-
ference level at its own station, and the desired signal
level notifying means notifies the mobile station of the
desired signal level thus calculated. In the mobile sta-
tion, the transmission power amount calculating means
then calculates the transmission power amount of the
packet on the basis of the desired signal level notified
of, and the determining means determines whether the
packet is transmissible to the station as a source of the
desired signal level, on the basis of the transmission
power amount calculated. In this manner the mobile sta-
tion performs the packet transmission control by the
search for links and the determination on whether to
transmit the packet, based on the interference level at
the base station or the relay station. In this way the mo-
bile station is notified of the desired signal level obtained
based on the interference level at the correspondent
station, calculates the transmission power amount of the
packet on the basis of the desired signal level, and de-
termines whether the packet is transmissible to the cor-
respondent station, on the basis of the transmission
power amount thus calculated, whereby it is feasible to
implement the appropriate determination on whether to
transmit the packet in accordance with the interference
level at the correspondent station and to avoid the hid-
den terminal problem and the inconveniences including
the increase of traffic, the decrease of throughput of the
system, etc., independently of the arrangement of relay
stations.

[0020] The present invention is also applicable to
downlink packet transmission from the base station via
the relay station to the mobile station, as well as the up-
link packet transmission from the mobile station via the
relay station to the base station, and a radio communi-
cation system according to the present invention is a ra-
dio communication system comprising a base station, a
mobile station, and a relay station having a relaying
function in packet transmission and applying CDMA to
a radio multiplexing scheme of packet transmission,
wherein each of the base station, the relay station, and
the mobile station comprises: interference level meas-
uring means for measuring an interference level at its
own station of a channel group used in reception, at the
time of receiving a packet; desired signal level calculat-
ing means for calculating a desired signal level on the
basis of the interference level obtained in the measure-
ment; desired signal level notifying means for notifying
a sender station of the packet, of the desired signal level
thus calculated; transmission power amount calculating
means for calculating a transmission power amount of
a packet on the basis of a desired signal level notified
of by another station, at the time of transmitting or re-
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laying a packet; and determining means for determining
whether the packet is transmissible to the station as a
source of the desired signal level, on the basis of the
transmission power amount calculated by the transmis-
sion power amount calculating means.

[0021] Asdescribed above, the base station, the relay
station, and the mobile station each have (1) the inter-
ference level measuring means, @ the desired signal
level calculating means, @) the desired signal level no-
tifying means, @ the transmission power amount cal-
culating means, and G the determining means, and in
the uplink and downlink packet transmissions, the base
station, the relay station, and the mobile station perform
the packet transmission control by the search for links
and the determination on whether to transmit the packet
on the basis of the interference level at the transmission
partner.

[0022] For example, in the case of packet transmis-
sion in the downlink direction from the base station to
one relay station, in the one relay station, the desired
signal level calculating means calculates the desired
signal level on the basis of a reception level of a packet
sent from the base station and an interference level at
its own station, and the desired signal level notifying
means notifies the base station of the desired signal lev-
el thus calculated. In the base station, the transmission
power amount calculating means then calculates a
transmission power amount of a packet on the basis of
the desired signal level thus notified of, and the deter-
mining means determines whether the packet is trans-
missible to the station as a source of the desired signal
level, on the basis of the transmission power amount
thus calculated. This makes it feasible to implement the
appropriate determination on whether to transmit the
packet in accordance with the interference level at the
correspondent station even in the downlink communica-
tion and to avoid the hidden terminal problem and the
inconveniences including the increase of traffic, the de-
crease of throughput of the system, etc., independently
of the arrangement of relay stations.

[0023] In the various radio communication systems
described above, each of the base station, the mobile
station, and the relay station constituting them is pref-
erably configured to have the means (functions) de-
scribed below.

[0024] Namely, the base station is preferably config-
ured to further comprise: attribution information holding
means which holds attribution information of each mo-
bile station and each relay station capable of direct com-
munication with its own station, and attribution informa-
tion of each mobile station and each relay station inca-
pable of direct communication with its-own station but
capable of direct communication with a relay station.
[0025] The base station is also preferably configured
to further comprise: destination deciding means for de-
ciding a mobile station or a relay station as a destination
to which the base station should transmit a packet, on
the basis of at least one of a reception level of a control
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signal, an interference level at its own station, and a hop
count from a transmission-originating station to its own
station.

[0026] Methods of determining the destination by the
above destination deciding means and by destination
deciding means described hereinafter include, for ex-
ample, a method of minimizing the hop count (Fig. 7), a
method of selecting a station yielding a minimum of rel-
ative transmission powers calculated from received SIR
of control signals and interference levels at senders of
the control signals (Fig. 8), and so on. These will be de-
scribed later.

[0027] The base station is preferably configured to
further comprise: channel group selecting means for se-
lecting a channel group for transmission/reception on
the basis of a transmitting direction of a packet; and sig-
nal transmitting means for transmitting a signal to be
transmitted, on a channel according to the selected
channel group.

[0028] The mobile station is preferably configured to
further comprise: destination deciding means for decid-
ing a base station or a relay station as a destination to
which the mobile station should transmit a packet, on
the basis of a reception level of a control signal or a hop
count from the base station to its own station.

[0029] The mobile station is preferably configured to
further comprise: channel group selecting means for se-
lecting a channel group for transmission/reception on
the basis of both or one of a hop count from the base
station to its own station and a transmitting direction of
a packet; and signal transmitting means for transmitting
a signal to be transmitted, on a channel according to the
selected channel group.

[0030] The relay station is preferably configured to
further comprise: destination deciding means for decid-
ing a station as a destination to which the relay station
should transmit a packet, on the basis of a reception lev-
el of a control signal or a hop count from the transmis-
sion-originating station to its own station.

[0031] The relay station is preferably configured to
further comprise: decoding means for despreading a
signal received from the mobile station, the base station,
and another relay station to decode the signal into an
information sequence signal; and spread signal gener-
ating means for spreading the decoded information se-
quence signal to generate a spread signal.

[0032] The radio communication system is preferably
configured so that, when the relay station comprises at
least the transmission power amount calculating
means, the transmission power calculated by the trans-
mission power amount calculating means is assigned to
the spread signal generated by the spread signal gen-
erating means and the spread signal is transmitted.
[0033] The relay station is preferably configured to
further comprise: channel group selecting means for se-
lecting a channel group for transmission/reception on
the basis of both or one of a hop count from the trans-
mission-originating station to its own station and a trans-



9 EP 1 324 509 A2 10

mitting direction of a packet; and signal transmitting
means for transmitting a signal to be transmitted, on a
channel according to the selected channel group.
[0034] The relay station in the present invention may
be comprised of a station having a function of the mobile
station, or a device installed in a vehicle or in stationary
facilities.

[0035] Incidentally, the present invention can also be
grasped from aspects of the invention of the base sta-
tion, the mobile station, and the relay station constituting
the system, as well as the aspect of the invention of the
radio communication system, while achieving like oper-
ations and effects. Namely, the invention can be de-
scribed as follows.

[0036] A base station according to the present inven-
tion is a base station constituting a radio communication
system for communication based on a wireless packet
transmission system, with a mobile station and a relay
station having a relaying function in packet transmis-
sion, the base station comprising: interference level
measuring means for measuring an interference level
at the time of receiving a packet; desired signal level
calculating means for calculating a desired signal level
on the basis of the interference level obtained in the
measurement; and desired signal level notifying means
for notifying a sender station of the packet, of the desired
signal level thus calculated.

[0037] The interference level measured by the inter-
ference level measuring means can be an interference
level at the base station of a channel group used in re-
ception of the packet.

[0038] Another base station according to the present
invention is a base station constituting a radio commu-
nication system applying CDMA to a radio multiplexing
scheme of packet transmission, with a mobile station
and a relay station having a relaying function in packet
transmission, the base station comprising: interference
level measuring means for measuring an interference
level at its own station of a channel group used in re-
ception, at the time of receiving a packet; desired signal
level calculating means for calculating a desired signal
level on the basis of the interference level obtained in
the measurement; and desired signal level notifying
means for notifying a sender station of the packet, of the
desired signal level thus calculated.

[0039] Another base station according to the present
invention is a base station constituting a radio commu-
nication system applying CDMA to a radio multiplexing
system of packet transmission, with a mobile station and
arelay station having a relaying function in packet trans-
mission, the base station comprising: interference level
measuring means for measuring an interference level
at its own station of a channel group used in reception,
at the time of receiving a packet; desired signal level
calculating means for calculating a desired signal level
on the basis of the interference level obtained in the
measurement; desired signal level notifying means for
notifying a sender station of the packet, of the desired
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signal level thus calculated; transmission power amount
calculating means for calculating a transmission power
amount of a packet on the basis of a desired signal level
notified of by another station, at the time of transmitting
a packet; and determining means for determining
whether the packet is transmissible to the station as a
source of the desired signal level, on the basis of the
transmission power amount calculated by the transmis-
sion power amount calculating means.

[0040] This base station is preferably configured to
further comprise attribution information holding means
which holds attribution information of each mobile sta-
tion and each relay station capable of direct communi-
cation with its own station, and attribution information of
each mobile station and each relay station incapable of
direct communication with its own station but capable of
direct communication with a relay station.

[0041] This base station is preferably configured to
further comprise destination deciding means for decid-
ing a mobile station or a relay station as a destination
to which the base station should transmit a packet, on
the basis of at least one of a reception level of a control
signal, an interference level at its own station, and a hop
count from a transmission-originating station to its own
station.

[0042] This base station is preferably configured to
further comprise channel group selecting means for se-
lecting a channel group for transmission/reception on
the basis of a transmitting direction of a packet; and sig-
nal transmitting means for transmitting a signal to be
transmitted, on a channel according to the selected
channel group.

[0043] A mobile station according to the present in-
vention is a mobile station constituting a radio commu-
nication system for communication based on a wireless
packet transmission system, with a base station and a
relay station having a relaying function in packet trans-
mission, the mobile station comprising: transmission
power amount calculating means for calculating a trans-
mission power amount of a packet on the basis of a de-
sired signal level notified of by a sender station of the
packet; and determining means for determining whether
the packet is transmissible from the sender station, on
the basis of the transmission power amount calculated
by the transmission power amount calculating means.

[0044] The above mobile station is preferably config-
ured to further comprise interference level measuring
means for measuring an interference level at the time
of receiving a packet; desired signal level calculating
means for calculating a desired signal level on the basis
of the interference level obtained in the measurement;
and desired signal level notifying means for notifying a
sender station of the packet, of the desired signal level
thus calculated.

[0045] In this case, the interference level measured
by the interference level measuring means can be an
interference level at the mobile station of a channel
group used in reception of the packet.
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[0046] Another mobile station according to the
present invention is a mobile station constituting a radio
communication system applying CDMA to a radio mul-
tiplexing scheme of packet transmission, with a base
station and a relay station having a relaying function in
packet transmission, the mobile station comprising:
transmission power amount calculating means for cal-
culating a transmission power amount of a packet on
the basis of a desired signal level notified of by the base
station or the relay station; and determining means for
determining whether the packet is transmissible to the
station as a source of the desired signal level, on the
basis of the transmission power amount calculated by
the transmission power amount calculating means.
[0047] The above mobile station is preferably config-
ured to further comprise destination deciding means for
deciding a base station or a relay station as a destination
to which the mobile station should transmit a packet, on
the basis of at least one of a reception level of a control
signal, an interference level at its own station, and a hop
count from a transmission-originating station to its own
station.

[0048] The mobile station is preferably configured to
further comprise channel group selecting means for se-
lecting a channel group for transmission/reception on
the basis of both or one of a hop count from the base
station to its own station and a transmitting direction of
a packet; and signal transmitting means for transmitting
a signal to be transmitted, on a channel according to the
selected channel group.

[0049] A relay station according to the present inven-
tion is a relay station constituting a radio communication
system for communication based on a wireless packet
transmission system, with a base station and a mobile
station and having a relaying function in packet trans-
mission, the relay station comprising: interference level
measuring means for measuring an interference level
at the time of receiving a packet; desired signal level
calculating means for calculating a desired signal level
on the basis of the interference level obtained in the
measurement; and desired signal level notifying means
for notifying a sender station of the packet, of the desired
signal level thus calculated.

[0050] The above relay station is preferably config-
ured to further comprise determining means for deter-
mining whether a packet is transmissible from the send-
er station, on the basis of at least one of the interference
level, the desired signal level, a reception level of a con-
trol signal, and a hop count from a transmission-origi-
nating station to its own station, and in a configuration
wherein the desired signal level notifying means notifies
the sender station of the desired signal level according
to a result of the determination by the determining
means.

[0051] The interference level measured by the inter-
ference level measuring means can be an interference
level at the relay station of a channel group used in re-
ception of the packet.
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[0052] Another relay station according to the present
invention is a relay station constituting a radio commu-
nication system applying CDMA to a radio multiplexing
scheme of packet transmission, with a base station and
a mobile station and having a relaying function in packet
transmission, the relay station comprising: interference
level measuring means for measuring an interference
level at its own station of a channel group used in re-
ception, at the time of receiving a packet; desired signal
level calculating means for calculating a desired signal
level on the basis of the interference level obtained in
the measurement; and desired signal level notifying
means for notifying a sender station of the packet, of the
desired signal level thus calculated.

[0053] The relay station according to the present in-
vention is preferably configured to comprise transmis-
sion power amount calculating means for calculating a
transmission power amount of a packet on the basis of
a desired signal level notified of by another station, at
the time of relaying a packet; and determining means
for determining whether the packet is transmissible to
the station as a source of the desired signal level, on the
basis of the transmission power amount calculated by
the transmission power amount calculating means.
[0054] The relay station is preferably configured to
further comprise destination deciding means for decid-
ing a station as a destination to which the relay station
should transmit a packet, on the basis of at least one of
areception level of a control signal, an interference level
at its own station, and a hop count from a transmission-
originating station to its own station.

[0055] The relay station is preferably configured to
further comprise decoding means for despreading a sig-
nal received from the mobile station, the base station,
and another relay station to decode the signal into an
information sequence signal; and spread signal gener-
ating means for spreading the decoded information se-
quence signal to generate a spread signal.

[0056] The relay station is preferably configured so
that, when the relay station comprises at least the trans-
mission power amount calculating means, the transmis-
sion power calculated by the transmission power
amount calculating means is assigned to the spread sig-
nal generated by the spread signal generating means
and the spread signal is transmitted.

[0057] The relay station is preferably configured to
further comprise channel group selecting means for se-
lecting a channel group for transmission/reception on
the basis of a hop count from a transmission-originating
station to its own station; and signal transmitting means
for transmitting a signal to be transmitted, on a channel
according to the selected channel group.

[0058] The relay station may be configured so that the
relay station is comprised of a station having a function
of the mobile station, or a relaying device installed in a
vehicle or in stationary facilities.

[0059] Incidentally, the present invention can also be
grasped from an aspect of the invention of a packet
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transmission control method executed in the radio com-
munication system, as well as the aspect of the inven-
tion as the radio communication system and the aspects
of the invention of the base station, the mobile station,
and the relay station constituting the system, while
achieving like operations and effects. Namely, the in-
vention can be described as follows.

[0060] A packet transmission control method accord-
ing to the present invention is a packet transmission
control method in a radio communication system com-
prising a base station, a mobile station, and a relay sta-
tion having a relaying function in multihop packet trans-
mission and configured to perform communication
based on a wireless packet transmission system, the
packet transmission control method comprising: an in-
terference level measuring step wherein a receiver sta-
tion in the packet transmission measures an interfer-
ence level; a desired signal level calculating step where-
in the receiver station calculates a desired signal level
on the basis of the interference level obtained in the
measurement; a desired signal level notifying step
wherein the receiver station notifies a sender station of
the desired signal level thus calculated; a transmission
power amount calculating step wherein the sender sta-
tion calculates a transmission power amount of a packet
on the basis of the desired signal level thus notified of;
a determining step wherein the sender station deter-
mines whether the packet is transmissible to the receiv-
er station, on the basis of the transmission power
amount thus calculated; and a packet transmitting step
wherein the sender station transmits the packet by a
power according to the transmission power amount for
the receiver station, to the receiver station determined
as a packet-transmissible station. In a certain packet
transmission stage, any of the base station, the mobile
station, and the relay station can be the "receiver
station. " Likewise, any of the base station, the mobile
station, and the relay station can be the "sender station."
[0061] Another packet transmission control method
according to the present invention is a packet transmis-
sion control method executed at the time of transmitting
a packet from a mobile station via a relay station to a
base station in a radio communication system compris-
ing a base station, a mobile station, and a relay station
having a relaying function in packet transmission and
applying CDMA to a radio multiplexing scheme of pack-
et transmission, the packet transmission control method
comprising: an interference level measuring step
wherein a receiver station of a packet measures an in-
terference level at its own station of the received packet;
a desired signal level calculating step wherein the re-
ceiver station calculates a desired signal level on the
basis of the interference level obtained in the measure-
ment; a desired signal level notifying step wherein the
receiver station notifies a sender station of the packet,
of the desired signal level thus calculated; a transmis-
sion power amount calculating step wherein the sender
station calculates a transmission power amount of a
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packet on the basis of the desired signal level thus no-
tified of; a determining step wherein the sender station
determines whether the packet is transmissible to the
receiver station, on the basis of the transmission power
amount thus calculated; and a packet transmitting step
wherein the sender station transmits the packet by a
power according to the transmission power amount for
the receiver station, to the receiver station determined
as a packet-transmissible station.

[0062] The method here in preferably further compris-
es a mobile station destination deciding step wherein
the mobile station defined as the receiver station de-
cides a base station or a relay station as a destination
to which the mobile station should transmit a packet, on
the basis of at least one of a reception level of a control
signal, an interference level at its own station, and a hop
count from a transmission-originating station to its own
station.

[0063] The above packet transmission control meth-
od preferably further comprises a base station destina-
tion deciding step wherein the base station defined as
the receiver station decides a mobile station or a relay
station as a destination to which the base station should
transmit a packet, on the basis of at least one of a re-
ception level of a control signal, an interference level at
its own station, and a hop count from a transmission-
originating station to its own station.

[0064] The above packet transmission control meth-
od preferably further comprises a relay station destina-
tion deciding step wherein the relay station defined as
the receiver station decides a station as a destination to
which the relay station should transmit a packet, on the
basis of at least one of a reception level of a control sig-
nal, an interference level at its own station, and a hop
count from a transmission-originating station to its own
station.

[0065] The above packet transmission control meth-
od preferably further comprises a decoding step where-
in the relay station despreads a signal received from the
mobile station, the base station, and another relay sta-
tion to decode the signal into an information sequence
signal; and a spread signal generating step wherein the
relay station spreads the decoded information se-
quence signal to generate a spread signal.

[0066] The above packet transmission control meth-
od preferably further comprises a channel group select-
ing step wherein the mobile station and the relay station
select a channel group for transmission/reception on the
basis of both or one of a hop count from a transmission-
originating station to its own station and a transmitting
direction of a packet and wherein the base station se-
lects a channel group for transmission/reception on the
basis of a transmitting direction of a packet; and a signal
transmitting step wherein the mobile station, the relay
station, and the base station transmit a signal to be
transmitted, on a channel according to the selected
channel group.

[0067] Inthe above packettransmission control meth-
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od, it is preferable to divide the transmission channels
into channel groups and assign the channel groups to
uplink signals and downlink signals, as described below.
[0068] Forexample, preferably, the channel group se-
lecting step is to divide transmission channels for trans-
mission of signals into two channel groups; and in a
common manner in the base station, the relay station,
and the mobile station, one channel group is assigned
to an uplink signal a source of which is the mobile sta-
tion, and the other channel group is assigned to a down-
link signal a source of which is the base station.
[0069] Preferably, the channel group selecting step is
to divide transmission channels for transmission of sig-
nals into four channel groups; and in a common manner
in the base station, the relay station even-numbered
from the base station, and the mobile station a hop count
of which from the base station is an even number, a first
channel group is assigned to a downlink signal a source
of which is the base station, and a second channel group
is assigned to an uplink signal a source of which is the
mobile station, and in a common manner in the relay
station odd-numbered from the base station, and the
mobile station a hop count of which from the base station
is an odd number, a third channel group is assigned to
the downlink signal and a fourth channel group is as-
signed to the uplink signal.

[0070] Preferably, the channel group selecting step is
to divide transmission channels for transmission of sig-
nals into N channel groups (N is an integer not less than
3); and in each of the base station, the relay station, and
the mobile station, the N channel groups are assigned
so that an identical channel group is assigned to an up-
link signal and a downlink signal transmitted from one
station and so that different channel groups are as-
signed to an uplink signal and a downlink signal received
thereby, respectively.

[0071] Preferably, the channel group selecting step is
to divide transmission channels for transmission of sig-
nals into two channel groups; transmission from the
base station and from the relay station and the mobile
station even-numbered from the base station is carried
out by a first channel group and reception therein by a
second channel group, and transmission from the relay
station and the mobile station odd-numbered from the
base station is carried out by the second channel group
and reception therein by the first channel group.
[0072] The channel groups may be comprised of
channel groups divided by frequency, may be comprised
of channel groups divided by time, or may be comprised
of channel groups divided by both frequency and time.
Specific embodiments of these will be described later.
[0073] As described above, the presentinvention has
successfully overcome the problem that the mobile sta-
tion failed to establish communication, depending upon
the arrangement of base stations, and also has suc-
ceeded in overcoming the occurrence of the hidden ter-
minal problem and others in the conventional CSMA and
TDMA base multihop systems, and the problems of the
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increase of traffic and the decrease of throughput of the
system. The peculiar channel group assigning methods
successfully achieved reduction of interference and im-
provement in frequency utilization efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

[0074]

Fig. 1 is a conceptual diagram of a multihop cellular
mobile communication system.

Fig. 2 is a conceptual diagram of a search for a relay
station by a mobile station.

Fig. 3A is a diagram showing an overall configura-
tion of a relay station where channel groups are se-
lected for respective relays by a channel group as-
signing method.

Fig. 3B is a diagram showing a configuration of a
control signal processor in a relay station where
channel groups are selected for respective relays
by a channel group assigning method.

Fig. 4A is a diagram showing an overall configura-
tion of a mobile station.

Fig. 4B is a diagram showing a configuration of a
control signal processor in a mobile station where
channel groups are selected for respective relays
by a channel group assigning method.

Fig. 5A is a diagram showing an overall configura-
tion of a base station.

Fig. 5B is a diagram showing a configuration of a
control signal processor in a base station.

Fig. 6A is a diagram showing a configuration of an
interference canceller.

Fig. 6B is a diagram showing a configuration of a
relay station provided with the interference cancel-
ler.

Fig. 7 is a flowchart of processing of selecting a re-
lay station yielding a minimum hop count.

Fig. 8 is a flowchart of processing of selecting a re-
lay station yielding maximum SIR of a control signal.
Fig. 9 is a conceptual diagram of a first channel
group assigning method.

Fig. 10Ais a diagram showing an example of setting
two channel groups by frequency division.

Fig. 10B is a diagram showing an example of setting
two channel groups by time division.

Fig. 11 is a conceptual diagram of a second channel
group assigning method.

Fig. 12Ais a diagram showing an example of setting
four channel groups by frequency division.

Fig. 12B is a diagram showing an example of setting
four channel groups by time division.

Fig. 12Cis adiagram showing an example of setting
four channel groups by both frequency division and
time division.

Fig. 13 is a conceptual diagram of a third channel
group assigning method.

Fig. 14Ais a diagram showing an example of setting
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three channel groups by frequency division.

Fig. 14B is a diagram showing an example of setting
three channel groups by time division.

Fig. 14C is a diagram showing a first example of
setting three channel groups by both frequency di-
vision and time division.

Fig. 14D is a diagram showing a second example
of setting three channel groups by both frequency
division and time division.

Fig. 15 is a conceptual diagram of a fourth channel
group assigning method.

Fig. 16 is a diagram showing a configuration of a
base station having the function of the relay station.
Fig. 17A is a diagram showing an overall configu-
ration of a relay station where the selection of chan-
nel group is not carried out.

Fig. 17B is a diagram showing a configuration of a
control signal processor in a relay station where the
selection of channel group is not carried out.

Fig. 18 is a diagram showing a configuration of a
control signal processor in a mobile station where
the selection of channel group is not carried out.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0075] Anembodiment of the presentinvention will be
described below with reference to the drawings.

[Outline of Entire Mobile Communication System]

[0076] In the mobile communication system of the
present embodiment, stations associated with one com-
munication operation include three stations, "base sta-
tion," "relay station," and "mobile station. " The base sta-
tion among these is a station capable of being linked
with another base station through the core network, and
the mobile station is a terminal that first requests trans-
mission of a packet or that receives a packet last. The
relay station is a terminal (a relay terminal) that functions
to relay a packet from the mobile station to the base sta-
tion or to relay a packet from the base station to the mo-
bile station. The relay station consumes power for re-
laying of packets and is thus considered to be any ter-
minal configured to accept supply of power from a solar
cell or a power generator, or through a wire, in addition
to terminals powered by conventional batteries; such
potential terminals include those installed for the pur-
pose of reduction of cost in place of base stations to
cover the areas by telecommunications carriers, those
receiving supply of electricity while moving like automo-
biles and trains, those fixed and receiving supply of pow-
er like automatic vending machines, and so on. Namely,
the relay station can be any device having the function
of the mobile station and having the relaying function,
or any relaying device installed in vehicles such as au-
tomobiles, trains, or the like, and in automatic vending
machines.
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[0077] In the description hereinafter, let us note one
communication stage in the mobile communication sys-
tem and describe the invention under such definition
that a mobile station as a packet source or as a packet
final destination in the communication is defined as "mo-
bile station" and a terminal or relaying device capable
of functioning as a relay station, as "relay station."
[0078] Incidentally, the base station in the present
system needs to secure a link with the mobile station
directly or via at least one relay station. For this reason,
each base station updates at every predetermined time
and retains attribution information of mobile stations ca-
pable of direct communication, attribution information of
relay stations capable of direct communication, and at-
tribution information of mobile stations incapable of di-
rect communication but capable of being linked via a re-
lay station or relay stations, so as to be able to retain
attribution information of all mobile stations capable of
direct and indirect communications, whereby links are
ensured between the base station and all the mobile sta-
tions capable of direct and indirect communications.
[0079] Each of mobile stations and relay stations
sends a request signal with ID of its own station as in-
formation for securing paths to the base station at pre-
determined time intervals (or at times of origination of
transmission packets). All stations receiving the request
signal send relay information (e.g., including information
such as ID of its own station, ID of the mobile station
having sent the request signal, an interference level at
its own station, the hop count to the base station, and
so on) on their respective control signals indicating ca-
pability of linkage with the mobile station. The mobile
station receiving the control signals decides a path from
the information of the signals, sends an ACK signal to
a linking station, and establishes the path.

[0080] For example, the mobile station 21 shown in
Fig. 2 sends a request signal for securing a path to the
base station 24. A circle of a dotted line represents a
reachable range of the request signal from the mobile
station 21, and the relay stations 22, 23 existing in the
reachable range receive the request signal and then
send their respective control signals with the relay infor-
mation. Then the mobile station 21 receives the control
signals, decides a path from the relay information of the
control signals, sends an ACK signal to a linking station
(e.g., therelay station 22), and establishes the path (mo-
bile station 21-relay station 22-base station 24).

[0081] Configurations of the relay station, mobile sta-
tion, and base station constituting the present system
will be described below with focus on portions associat-
ed with the present invention.

[on Relay Station]

[0082] In the present embodiment, the relay station
does not function as a repeater that relays a received
signal as it is, but is a terminal that has a function of
demodulating a signal received from another mobile sta-
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tion or base station and decoding the demodulated sig-
nal into an information sequence and that functions to
calculate a transmission power according to a desired
signal level notified of by a station expected to receive
a packet (a packet destination), again encode and mod-
ulate the information sequence, and send it on a desired
channel. When CDMA is used as an access system, the
relay station further has a function of despreading the
received signal and a function of again spreading the
information sequence obtained.

[0083] Since the relay station has the function of cal-
culating the transmission power according to the de-
sired signal level at the packet destination, it is feasible
to implement stable transmission with high reliability by
the transmission power. Since the relay station once de-
codes the received signal into the information se-
quence, it is feasible to make correction for the gain of
the signal.

[0084] A configuration of the relay station will be de-
scribed below with reference to Figs. 17A and 17B, us-
ing an example wherein CDMA is used as an access
method. As shown in Fig. 17A, the relay station 30 is
comprised of a control signal processor 31 which proc-
esses signals for securing a route to the base station;
and data processors 32 which process packet data; the
number of data processors 32 is equal to the number of
packets that can be relayed in parallel (which corre-
sponds to the number of simultaneously relayable pack-
ets and which is "3" in the example of Fig. 17A).
[0085] Each data processor 32 extracts a desired sig-
nal from a received signal to recover an information se-
quence. The recovered information sequence is again
subjected to coding and D/A conversion and the result-
ant signal is sent on a carrier wave amplified according
to a transmission power amount calculated from infor-
mation (e.g., information of an interference level at a
packet destination and propagation loss) obtained from
a transmission power controller (not shown) . The trans-
mission power controller may be installed in the control
signal processor 31 or may be installed independently
of the control signal processor 31 in the relay station 30.
[0086] The control signal processor 31 is comprised,
as shown in Fig. 17B, of an interference level measuring
unit 31A for measuring an interference level at its own
station; a demodulator/channel decoder 31B for demod-
ulating and decoding an input signal; a relay station se-
lector 31 for selecting a relay station; a hop information
buffer 31E for storing hop information and other infor-
mation; an ACK signal generator 31F for generating an
ACK signal; a control signal generator 31G for generat-
ing a control signal; and a request signal generator 31H
for generating a request signal.

[0087] The control signal processor 31 decides which
route should be used for linkage between the base sta-
tion and the mobile station (or which relay station should
be used) . As shown in Fig. 17B, request signals, control
signals, and ACK signals entering the control signal
processor 31 are separated according to types and
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source stations of the signals in the demodulator/chan-
nel decoder 31B, the request signals are fed as triggers
of the control signal generator 31G, the control signals
are fed to the relay station selector 31C, the ACK signals
are fed to the hop information buffer 31E, and the infor-
mation is transferred to a superordinate station (a sta-
tion closer to the base station).

[0088] The relay station selector 31C receives the
control signals transmitted from neighboring stations,
and decides a relay station or a base station to be next
connected (hereinafter referred to as a "connection sta-
tion"), on the basis of such information as received pow-
er to interference signal power ratios (Signal to Interfer-
ence Ratios: hereinafter called "SIR") of the control sig-
nals, interference levels at originators of the control sig-
nals, hop counts to the base station, and so on.

[0089] The following will describe another configura-
tion of the relay station in the case where a channel
group used in relaying is selected for every relaying by
a channel group assigning method described later, on
the basis of Figs. 3A and 3B.

[0090] Each data processor 32 shown in Fig. 3A ex-
tracts a desired signal from a received signal on the ba-
sis of information obtained from the channel group se-
lector 31D of Fig. 3B described later and despreads it
to recover information. The recovered information se-
quence is again encoded, spread, and subjected to D/
A conversion, and the resultant signal is sent on a carrier
wave (a carrier wave decided by the channel group se-
lector 31D) amplified according to a transmission power
amount calculated from the information (e.g., informa-
tion of the interference level at the packet destination,
propagation loss, etc.) obtained from the transmission
power controller (not shown). The transmission power
controller may be installed in the control signal proces-
sor 31 or may be installed independently of the control
signal processor 31 in the relay station 30.

[0091] The control signal processor 31 is comprised,
as shown in Fig. 3B, of an interference level measuring
unit 31A for measuring an interference level at its own
station of a channel group used in reception at the time
of receiving a packet; a demodulator/channel decoder
31B for demodulating/decoding an input signal; a relay
station selector 31C for selecting a relay station; a chan-
nel group selector 31D for selecting a channel group; a
hop information buffer 31E for storing information of the
hop count and other information; an ACK signal gener-
ator 31F for generating an ACK signal; a control signal
generator 31G for generating a control signal; and a re-
quest signal generator 31H for generating a request sig-
nal.

[0092] The control signal processor 31 decides which
route should be used for linkage between the base sta-
tion and the mobile station (or which relay station should
be used) . As shown in Fig. 3B, request signals, control
signals, and ACK signals entering the control signal
processor 31 are separated according to types and
source stations of the signals in the demodulator/chan-
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nel decoder 31B, the request signals are fed as triggers
of the control signal generator 31G, the control signals
are fed to the relay station selector 31C, the ACK signals
are fed to the hop information buffer 31E, and the infor-
mation is transferred to a superordinate station (a sta-
tion closer to the base station).

[0093] The relay station selector 31C receives the
control signals sent from neighboring stations and de-
cides a connection station to be next connected (a relay
station or a base station) on the basis of the information
such as the received power to interference signal power
ratios (SIR) of the control signals, the interference levels
at the originators of the control signals, the hop counts
to the base station, etc., and the channel group selector
31D determines a channel group for transmission/re-
ception according to a hop count thereof to the base sta-
tion.

[on Mobile Station]

[0094] A configuration of the mobile station will be de-
scribed below referring to Figs. 4A and 18. As shown in
Fig. 4A, the mobile station 40 is comprised of a trans-
mitted data processor 41 for processing input data and
transmitting resultant data after the processing; a re-
ceived data processor 43 for processing a received sig-
nal and converting resultant data after the processing
into output data; and a control signal processor 42 for
processing a control signal, a request signal, and an
ACK signal.

[0095] The control signal processor 42 among these
elements is comprised, as shown in Fig. 18, of a demod-
ulator/channel decoder 42B for demodulating/decoding
an input signal; a relay station selector 42C for selecting
a relay station; a hop information buffer 42E for storing
hop information and other information; an ACK signal
generator 42F for generating an ACK signal; and a re-
quest signal generator 42G for generating a request sig-
nal.

[0096] In addition to the above configuration, the con-
trol signal processor 42 is preferably configured to fur-
ther include an interference level measuring unit 42A for
measuring an interference level at its own station, which
is indicated by a dashed line in Fig. 18. This enables the
relay station to determine whether a packet is transmis-
sible, on the basis of the interference level at the mobile
station in downlink packet transmission from the base
station via the relay station to the mobile station, in much
the same manner as in the uplink packet transmission.
It is assumed in the present embodiment that there also
exists the interference level measuring unit 42A indicat-
ed by the dashed line in Fig. 18 and that the packet
transmission control according to the present invention
is executed in both the uplink and downlink packet trans-
missions. A path deciding method and others about this
control will be described later.

[0097] In the control signal processor 42 in the mobile
station 40 as described above, control signals discrimi-

10

15

20

25

30

35

40

45

50

55

12

nated for respective senders by the demodulator/chan-
nel decoder 42B are fed to the relay station selector
42C. Then the relay station selector 42C selects one re-
lay station or one base station meeting connection con-
ditions, the ACK signal generator 42F sends an ACK
signal to the selected connection station, and, at the
same time, writing of information is conducted into the
hop information buffer 42E.

[0098] The following will describe another configura-
tion of the mobile station where a channel group used
in relaying is selected for every relaying by a channel
group assigning method described later, on the basis of
Fig. 4B. Since the schematic configuration of the mobile
station 40 shown in Fig. 4A is much the same as the
aforementioned configuration, the description thereof is
omitted herein. However, the configuration of the control
signal processor 42 is different from the a forementioned
configuration and will be described below.

[0099] The control signal processor 42 among these
elements is comprised, as shown in Fig. 4B, of a de-
modulator/channel decoder 42B for demodulating/de-
coding an input signal; a relay station selector 42C for
selecting a relay station; a channel group selector 42D
for selecting a channel group; a hop information buffer
42E for storing hop information and other information;
an ACK signal generator 42F for generating an ACK sig-
nal; and a request signal generator 42G for generating
a request signal.

[0100] In addition to the above configuration, the con-
trol signal processor 42 is preferably configured to fur-
ther include an interference level measuring unit 42A for
measuring an interference level at its own station of a
channel group used in reception at the time of receiving
a packet, as indicated by a dashed line in Fig. 4B, which
enables the relay station to determine whether a packet
is transmissible, on the basis of the interference level at
the mobile station in downlink packet transmission from
the base station via the relay station to the mobile sta-
tion, in much the same manner as in the uplink packet
transmission. It is assumed in the present embodiment
that there also exists the interference level measuring
unit42A indicated by the dashed line and that the packet
transmission control according to the present invention
is executed in both the uplink and downlink packet trans-
missions. A path deciding method and others about this
control will be described later. Channels used in packet
transmission may be predetermined channels, or chan-
nels maybe determined for every relay. Channels may
be divided into groups.

[0101] Inthe control signal processor 42 in the mobile
station 40 as described above, control signals discrimi-
nated for respective senders by the demodulator/chan-
nel decoder 42B are fed to the relay station selector
42C. Then the relay station selector 42C selects one re-
lay station or one base station (i.e., a connection station)
meeting connection conditions, the ACK signal genera-
tor 42F sends an ACK signal to the selected connection
station, and, conducted at the same time is writing of
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information into the hop information buffer 42E and se-
lection of a channel group used for transmission/recep-
tion by the channel group selector 42D.

[on Base Station]

[0102] A configuration of the base station will be de-
scribed below referring to Figs. 5A and 5B. As shown in
Fig. 5A, the base station 50 is comprised of a transmitted
signal processor 51 for processing transmitted data
from the core network and sending resultant data after
the processing; a received signal processor 53 for
processing.a received signal to generate received data
to be sent to the core network; and a control signal proc-
essor 52 for processing a request signal, a control sig-
nal, and an ACK signal.

[0103] The control signal processor 52 among these
elements is comprised, as shown in Fig. 5B, of an inter-
ference level measuring unit 52A for measuring an in-
terference level at its own station; a demodulator/chan-
nel decoder 52B for demodulating/decoding an input
signal; a hop information buffer 52C for storing informa-
tion of the hop count and other information; and a control
signal generator 52D for generating a control signal.
[0104] In the control signal processor 52 in the base
station 50 as described above, the demodulator/chan-
nel decoder 52B first demodulates and decodes re-
ceived signals to discriminate request signals and ACK
signals for respective senders. The request signals
function as triggers to activate the control signal gener-
ator 52D. When anACK signal is received, the hop in-
formation of the signal sender is written into the hop in-
formation buffer 52C.

[Path Deciding Methods in Each of Mobile Station,
Relay Station, and Base Station]

[0105] Incidentally, whether communication is possi-
ble between stations is judged based on received SIR
at the packet receiver station of channels used in com-
munication between the stations. Namely, communica-
tion is judged as possible when received SIR at the
packet receiver station exceeds a required value;
whereas communication is judged as impossible when
the received SIR is below the required value. This judg-
ment may be made by the receiver station on the basis
of the interference level at its own station, or can be
made by the sender station while the receiver station
notifies the sender station of the interference level.

[0106] There is a case where a plurality of stations
exist as stations judged as communicable in this way,
and methods of deciding a route to the base station in
this case will be detailed below. The route deciding
methods include a method of minimizing the hop count
(i.e., the hop count from the base station to its own sta-
tion) (Fig. 7), a method of selecting a station yielding a
minimum of relative transmission powers calculated
from received SIR of control signals and interference
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levels at sources of the control signals (Fig. 8), and so
on. These methods will be described below using exam-
ples based on the mobile station.

[0107] Inthe method of minimizing the hop count (Fig.
7) among the above methods, the mobile station selects
a station with a minimum hop count out of relay stations
or base stations having sent control signals. It is, how-
ever, assumed that the hop count of each base station
is 0 and that, as to stations with the same hop count, a
station with maximum SIR is selected out of those sta-
tions.

[0108] Specifically, processing of Fig. 7 is executed in
the mobile station. The first step is to detect and decode
control signals s from surrounding relay stations or base
stations (S001). After O is initially set in counter i (S002),
a set S of control signals s to yield the hop count (Nhop)
=i is extracted (S003). It is then judged whether the set
S is empty (null) (S004), and, if the set S is empty, it is
judged whether the counter i reaches a maximum hop
count specified in the system (S005). If the counter i
does not reach the maximum hop count yet, the counter
i is counted up by one (S006), and the processing in and
after S003 is again executed for i after the counting-up.
[0109] When the set S of control signals s yielding the
hop count = i is not empty in S004, the relative trans-
mission power is calculated for all the elements in the
set S (S007). A station is selected corresponding to a
minimum relative transmission power out of the relative
transmission powers thus calculated (S008). Further-
more, a value of addition of 1 to the hop count i of the
selected station is put into the hop count Nhop (S009),
and the processing is terminated.

[0110] This enables the mobile station to select a sta-
tion with the minimum hop count out of the relay stations
or base stations having sent the control signals. In ad-
dition, if there exist a plurality of stations with the mini-
mum hop count, the mobile station is able to select a
station with maximum SIR out of those stations.
[0111] If the counter i reaches the maximum hop
count in S005 before detection of a nonempty set S of
control signals s yielding the hop count =i in S004, it
can be determined that there exists no station capable
of serving as a relay station, and the processing ends
in a failure in hopping, after a negative number (e.g., "-
1") is assigned to the hop count Nhop (S010).

[0112] On the other hand, in the method of selecting
a station with a minimum relative transmission power
amount (Fig. 8), the received control signals are used
to calculate the transmission powers of the respective
signals: the signals are sorted in ascending order of the
transmission powers; whether the hop count is within a
predetermined value is checked in the sorted order; and,
if itis within the predetermined value, the corresponding
station is selected as a connection station.

[0113] A method of calculating the transmission pow-
er amount Ptx herein is expressed, for example, by Eq
(1) below, using the interference level | (dBm) at the
packet receiver station and the received signal level S
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(dB) of the control signal.

Ptx =1 - S + constant

(1)

[0114] Specifically, the processing of Fig. 8 is execut-
ed in the mobile station. The first step is to detect and
decode control signals s from surrounding relay stations
or base stations (S101). The next step is to calculate the
relative transmission power for all the control signals s
(S102), and then the control signals s are sorted in as-
cending order of the relative transmission powers cal-
culated (S103).

[0115] After 1 is initially set in the counter i (S104), it
is judged whether the ith control signal s (i) is empty
(null) (S105). If the control signal s (i) exists, it is deter-
mined whether the hop count of-the control signal s (i)
is not more than a predetermined value (S106). When
the hop count of the control signal s(i) is greater than
the predetermined value, the counter i is counted up by
one (S107), and the processing in and after S105 is
again executed for i after the counting-up.

[0116] When the hop count of the control signal s(i) is
not more than the predetermined value in S106, it can
be determined that the station having sent the control
signal s(i) is a station with the minimum relative trans-
mission power amount under the condition that the hop
count is not more than the predetermined value, and
thus the station having sent the control signal s(i) is se-
lected (S108). Then a value of addition of 1 to the hop
count Nhop (i) of the selected station is assigned to the
hop count Nhop (S109), and the processing is terminat-
ed.

[0117] This enables the mobile station to select the
station with the minimum relative transmission power
amount under the condition that the hop count is not
more than the predetermined value. When the control
signal s (i) is judged as empty in S105, it can be deter-
mined that there exists no station capable of working as
a relay station, and the processing ends in a failure in
hopping, after a negative number (e.g., "-1") is assigned
to the hop count Nhop (S110).

[0118] An uplink packet originated in the mobile sta-
tion and transmitted to the base station or a downlink
packet coming from the core network-to the base station
and transmitted to the mobile station is packet-transmit-
ted through the path determined by the above methods.
[0119] A potential method of deciding the transmis-
sion power of the packet at this time is a method of send-
ing a training signal for decision of a desired signal level
before the packet transmission and notifying a packet
source of the desired signal level determined from a re-
ception level of the training signal and an interference
level at a receiver station.

[Channel Group Assigning Methods]

[0120] The channel group assigning methods, which
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are one of the features of the present invention, will be
detailed below. The channel group assigning methods
include, for example, four kinds as follows. Namely, they
are four methods: 1) a first method using two channel
groups; @ asecond method using four channel groups;
® a third method using N channel groups (N is an in-
teger not less than 3); @ a fourth method using two
channels groups. They will be described below in order.
[0121] In the first method, transmission channels for
signal transmission are separated into two channel
groups G1, G2. They can be divided by frequency into
two frequency bands as shown in Fig. 10A or by time
into two time regions as shown in Fig. 10B. Fig. 9 shows
the general idea of assignment of channel groups ac-
cording to the first method, in which the channel group
G1 is assigned to downlink signals and the channel
group G2 to uplink signals in a common fashion in the
base station (BS), relay stations (RS1, RS2, RS3), and
mobile station (MS).

[0122] For each relay station to relay continuous
packets in this case, the same channels are used for
transmission and reception, and there is thus a possi-
bility that there arises the so-called near-far problem
that a signal sent from the relay station interferes with a
received signal at the relay station. For overcoming it,
an interference canceller 35 shown in Fig. 6A is incor-
porated in the relay station 30 so as to accept input of
both the received signal and transmitted signal, as
shown in Fig. 6B. The interference canceller 35 incor-
porates a 180° phase shifter 35A for shifting the phase
of an input signal by 180°; and an amplitude adjuster
35B for adjusting a transmitted signal by an attenuation
during propagation thereof up to a receive antenna 33,
whereby the transmitted signal from a transmit antenna
34 is converted into a signal to cancel an interference
signal (a transmitted signal received at the receive an-
tenna 33), by the 180° phase shifter 35A and amplitude
adjuster 35B. When this signal to cancel the interference
signal is added to the received signal (a signal including
the interference signal), the interference signal compo-
nent included in the received signal is canceled out, so
as to obtain a signal from which interference is eliminat-
ed.

[0123] In the above first-method, the assigned
amounts of the frequency bands in Fig. 10A or the as-
signed amounts of time ranges in Fig. 10B can be made
different from each other according to needs between
the channel groups G1, G2. Therefore, for example, in
the case where the information amount of downlink sig-
nals is much greater than the information amount of up-
link signals, the assigned amount of the channel group
G1 for downlink signals is set much larger than the as-
signed amount of the channel group G2 for uplink sig-
nals, whereby it is feasible to increase the efficiency of
utilization of frequency or the efficiency of utilization of
time. Since the number of division is minimum, i.e., 2, it
is also feasible to limit the so-called division loss.
[0124] In the second method, transmission channels
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are separated into four channel groups G1, G2, G3, and
G4. They may be divided by frequency into four frequen-
cy bands as shown in Fig. 12A, or by time into four time
zones as shown in Fig. 12B, or by combination of fre-
quency and time into four zones as shown in Fig. 12C.
Fig. 11 shows the general idea of assignment of channel
groups according to the second method, in which the
channel group G1 i assigned to downlink signals and
the channel group G2 to uplink signals in a common
fashion in the base station (BS), each even-numbered
relay station (RS2) from the base station, and the mobile
station (MS) the hop count of which from the base sta-
tion is an even number. Furthermore, the channel group
G3 is assigned to downlink signals and the channel
group G4 to uplink signals in a common fashion in each
odd-numbered relay station (RS1, RS3) from the base
station.

[0125] In this second method, different from the above
first method, each relay station uses channels for trans-
mission different from those for reception, and the sec-
ond method thus has the advantage that the possibility
of causing the so-called near-far problem that signals
sent from its own station interfere with received signals
at its own station is low. Therefore, the relay stations do
not have to be equipped with the aforementioned inter-
ference canceller 35 of Fig. 6A.

[0126] In the second method, the assigned amounts
of the respective channel groups as shown in Figs. 12A
to 12C can be made different from each other according
to needs. Therefore, for example, in the case where the
information amount of downlink signals is much greater
than the information amount of uplink signals, the as-
signed amounts of the channel groups G1, G3 for down-
link signals are set much larger than the assigned
amounts of the channel groups G2, G4 for uplink sig-
nals, whereby it is feasible to enhance the efficiency of
utilization of frequency or the efficiency of utilization of
time.

[0127] In the third method, transmission channels are
separated into N channel groups (N is an integer not
less than 3); in each of the base station, relay stations,
and mobile station, an identical channel group is as-
signed to uplink and downlink signals transmitted there-
from, and different channel groups are assigned to up-
link and downlink signals received therein, respectively.
A case of N = 3 will be described below.

[0128] The transmission channels can be separated
into three channel groups G1, G2, and G3 by a method
of frequency division into three frequency bands as
shownin Fig. 14A, by a method of time division into three
time zones as shown in Fig. 14B, or by a method of uni-
formly defining a channel group G2 independent of fre-
quency in a predetermined time zone and defining a
channel group G1 lower than a predetermined frequen-
cy and a channel group G3 not lower than the predeter-
mined frequency in another time zone than the prede-
termined time zone as shown in Fig. 14C. Itis also pos-
sible to employ a method of uniformly defining a channel
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group G2 independent of time in a predetermined fre-
quency band and defining a channel group G1 in a pre-
determined time zone and a channel group G3 in anoth-
er time zone than the predetermined time zone in the
frequency band other than the predetermined frequency
band as shown in Fig. 14D.

[0129] Fig. 13 shows the general idea of assignment
of the channel groups according to the third method, in
which the same channel group 1 is assigned to uplink
and downlink signals transmitted, in the base station
(BS) and in the Nth (third) relay station (RS3) from the
base station, in which the same channel group 2 is as-
signed to uplink and downlink signals transmitted, in the
first relay station (RS1) from the base station and in the
mobile station (MS) located at the fourth position from
the base station, and in which the same channel group
3 is assigned to uplink and downlink signals transmitted,
in the second relay station (RS2) from the base station.
This results in assigning the different channel groups to
uplink and downlink signals received in the base station,
the mobile station, and each relay station. For example,
concerning the relay station (RS1), the channel group 2
is assigned to the uplink and downlink transmitted sig-
nals, the channel group 3 to the uplink received signals,
and the channel group 1 to the downlink received sig-
nals, which can prevent interference between the sig-
nals.

[0130] In the fourth method, transmission channels
are separated into two channel groups G1, G2. The di-
viding methods may be the aforementioned frequency
division shown in Fig. 10A and time division shown in
Fig. 10B. Fig. 15 shows the general idea of assignment
of channel groups according to the fourth method, in
which the first channel group is used for transmission
and the second channel group for reception in the base
station and in each even-numbered relay station and
mobile station from the base station and in which the
second channel group is used for transmission and the
first channel group for reception in each odd-numbered
relay station and mobile station from the base station.
For example, in Fig. 15, the channel group G1 is as-
signed to transmitted signals and the channel group G2
to received signals in each of the base station (BS), the
second relay station RS2 from the base station, and the
fourth mobile station (MS) from the base station. Fur-
thermore, the channel group G2 is assigned to transmit-
ted signals and the channel group G1 to received sig-
nals in each of the first relay station RS1 from the base
station and the third relay station RS3 from the base sta-
tion.

[0131] Since this enables transmission and reception
to be conducted by different channel groups in a certain
relay station, it is feasible to prevent mutual interference
between transmitted and received signals, and it is also
feasible to limit the division loss, because the number
of division is minimum.

[0132] The peculiar channel group assigning meth-
ods as described above can reduce interference and en-
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hance the frequency utilization efficiency.

[0133] The receiver station may be configured to no-
tify the sender station of a transmission level thereof es-
timated from the interference level, instead of notifying
the sender station of the desired signal level in order to
ensure the reception level of the signal to be received
by the receiver station, as in the above embodiment.
[0134] Incidentally, the technology expected in the
next-generation mobile communications includes ad-
hoc wireless networks. They are liberated from the com-
munication format through the existing fixed base sta-
tions, and are directed to construction of flexible wire-
less information networks based on the multihop func-
tion with terminals themselves having the relaying func-
tion.

[0135] For adapting to such ad-hoc wireless net-
works, each base station may be configured to have the
function of the relay station, so that the base station can
act to relay communication to another base station.
[0136] For example, as shown in Fig. 16, data proc-
essors 54, the number of which is equal to the number
of packets relayable in parallel (which corresponds to
the number of multiple codes in CDMA and which is "3"
in the example of Fig. 16), are added to the configuration
of the base station shown in Fig. 5A, and the control sig-
nal processor 52 is configured as a processor for
processing a signal for securing a route to another base
station. Here the additional data processors 54 can be
configured in much the same manner as the aforemen-
tioned data processors 32 of the relay station (Fig. 3A),
and the control signal processor 52 can be configured
in much the same manner as the control signal proces-
sor 31 of the relay station (Fig. 3A and Fig. 3B).
[0137] By also providing the base station with the
function of the relay station as described above, it be-
comes feasible to flexibly adapt to the ad-hoc wireless
networks.

[0138] Itis needless to mention that the radio commu-
nication system according to the present invention is ap-
plicable to local area networks including a control station
and slave stations like wireless LAN, packet transmis-
sion networks typified by hierarchical mobile IPv6, and
pervasive networks for communication through pocket
radios such as radio tags and the like and through white
goods connectible to networks. In such cases, elements
called radio control stations, access points, and white
goods correspond to the base stations in the present
embodiment, and elements called radio stations, mobile
nodes, and pocket radios (e.g., radio tags and the like)
to the mobile stations in the present embodiment.
[0139] It is also needless to mention that any of the
radio control stations, radio stations, access points, mo-
bile nodes, pocket radios, radio tags, and white goods
can be the mobile station, the relay station, or the base
station in the present embodiment according to their
communication format.

[0140] Itis also a matter of course that a region called
acellin the present embodiment can be an area in which
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each sender station can radiate radio waves in the
above-stated networks. Itis obvious in that case that the
communication system does not have to be limited to
CDMA but may be any other radio transmission system,
including short-range communication such as infrared
communication, non-contact magnetic reading, etc. like
IrDA and Bluetooth, and contact communication for
reading and transmitting myoelectricity of human mus-
cle (weak electricity appearing from muscle).

[0141] Asdescribed above, the presentinvention suc-
cessfully has solved the problem of failure in establish-
ment of communication at the mobile station due to the
arrangement of base stations and also solved the hid-
den terminal problem and others in the conventional CS-
MA and TDMA base multihop systems and the problems
of the increase of traffic and the decrease of throughput
of the system. The invention also successfully achieved
the reduction of interference and the increase of fre-
quency utilization efficiency by the peculiar channel
group assigning methods.

Claims

1. A radio communication system comprising a base
station, a mobile station, and a relay station having
a relaying function in multihop packet transmission,
and configured to perform communication based on
a wireless packet transmission system,
wherein a receiver station in the packet trans-
mission comprises:

interference level measuring means for meas-
uring an interference level at the time of receiv-
ing a packet;

desired signal level calculating means for cal-
culating a desired signal level on the basis of
the interference level obtained in the measure-
ment; and

desired signal level notifying means for notify-
ing a sender station of the desired signal level
thus calculated; and

wherein the sender station comprises:

transmission power amount calculating means
for calculating a transmission power amount of
a packet on the basis of the desired signal level
notified of by the receiver station; and
determining means for determining whether the
packet is transmissible to the receiver station,
on the basis of the transmission power amount
calculated by the transmission power amount
calculating means.

2. The radio communication system according to
Claim 1, wherein the receiver station further com-
prises:
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6.

7.
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destination deciding means for deciding a next
receiver station as a destination of a packet on
the basis of at least one of a reception level of
a control signal, an interference level at its own
station, and a hop count from a transmission-
originating station to its own station.

The radio communication system according to
Claim 1, wherein the interference level measured
by the interference level measuring means is an in-
terference level at the receiver station of a channel
group used in reception of the packet.

A radio communication system comprising a base
station, a mobile station, and a relay station having
a relaying function in multihop packet transmission,
and configured to perform communication based on
a wireless packet transmission system,

wherein a receiver station in the packet trans-
mission comprises:

interference level measuring means for meas-
uring an interference level at the time of receiv-
ing a packet;

desired signal level calculating means for cal-
culating a desired signal level on the basis of
the interference level obtained in the measure-
ment;

determining means for determining whether a
packet is transmissible from a sender station,
on the basis of at least one of the interference
level, the desired signal level, a reception level
of a control signal, and a hop count from a trans-
mission-originating station to its own station;
and

notifying means for notifying the sender station
of the desired signal level according to a result
of the determination by the determining means.

The radio communication system according to
Claim 4, wherein the receiver station further com-
prises:

destination deciding means for deciding a next
receiver station as a destinations of a packet
on the basis of at least one of the reception level
of the control signal, an interference level at its
own station, and the hop count from the trans-
mission-originating station to its own station.

The radio communication system according to
Claim 4, wherein the interference level measured
by the interference level measuring means is an in-
terference level at the receiver station of a channel
group used in reception of the packet.

A radio communication system comprising a base
station, a mobile station, and a relay station having
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a relaying function in packet transmission, and ap-
plying CDMA to a radio multiplexing scheme of
packet transmission,

wherein the base station or the relay station
comprises:

interference level measuring means for meas-
uring an interference level at its own station of
a channel group used in reception, at the time
of receiving a packet;

desired signal level calculating means for cal-
culating a desired signal level on the basis of
the interference level obtained in the measure-
ment; and

desired signal level notifying means for notify-
ing the mobile station of the desired signal level
thus calculated; and

wherein the mobile station comprises:

transmission power amount calculating means
for calculating a transmission power amount of
a packet on the basis of the desired signal level
notified of by the base station or the relay sta-
tion; and

determining means for determining whether the
packet is transmissible to the station as a
source of the desired signal level, on the basis
of the transmission power amount calculated
by the transmission power amount calculating
means.

8. The radio communication system according to

Claim 7, wherein the base station further compris-
es:

attribution information holding means which
holds attribution information of each mobile sta-
tion and each relay station capable of direct
communication with its own station, and attri-
bution information of each mobile station and
each relay station incapable of direct commu-
nication with its own station but capable of di-
rect communication with a relay station.

9. The radio communication system according to

Claim 7, wherein the base station further compris-
es:

channel group selecting means for selecting a
channel group for transmission/reception on
the basis of a transmitting direction of a packet;
and

signal transmitting means for transmitting a sig-
nal to be transmitted, on a channel according
to the selected channel group.

10. The radio communication system according to
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15.
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Claim 7, wherein the mobile station further compris-
es:

destination deciding means for deciding a base
station or a relay station as a destination to
which the mobile station should transmit a
packet, on the basis of a reception level of a
control signal or a hop count from the base sta-
tion to its own station.

The radio communication system according to
Claim 7, wherein the mobile station further compris-
es:

channel group selecting means for selecting a
channel group for transmission/reception on
the basis of both or one of a hop count from the
base station to its own station and a transmit-
ting direction of a packet; and

signal transmitting means for transmitting a sig-
nal to be transmitted, on a channel according
to the selected channel group.

The radio communication system according to
Claim 7, wherein the relay station further compris-
es:

destination deciding means for deciding a sta-
tion as a destination to which the relay station
should transmit a packet, on the basis of a re-
ception level of a control signal or a hop count
from the base station to its own station.

The radio communication system according to
Claim 7, wherein the relay station further compris-
es:

decoding means for despreading a signal re-
ceived from the mobile station, the base station,
and another relay station to decode the signal
into an information sequence signal; and
spread signal generating means for spreading
the decoded information sequence signal to
generate a spread signal.

The radio communication system according to
Claim 13, wherein, when the relay station compris-
es at least the transmission power amount calculat-
ing means,

the transmission power calculated by the
transmission power amount calculating means is
assigned to the spread signal generated by the
spread signal generating means, and the spread
signal is transmitted.

The radio communication system according to
Claim 7, wherein the relay station further compris-
es:
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channel group selecting means for selecting'a
channel group for transmission/reception on
the basis of both or one of a hop count from the
base station to its own station and a transmit-
ting direction of a packet; and

signal transmitting means for transmitting a sig-
nal to be transmitted, on a channel according
to the selected channel group.

The radio communication system according to
Claim 7, wherein the relay station is comprised of a
station having a function of the mobile station, or a
relaying device installed in a vehicle or in stationary
facilities.

A radio communication system comprising a base
station, a mobile station, and a relay station having
a relaying function in packet transmission, and ap-
plying CDMA to a radio multiplexing scheme of
packet transmission,

wherein each of the base station, the relay
station, and the mobile station comprises:

interference level measuring means for meas-
uring an interference level at its own station of
a channel group used in reception, at the time
of receiving a packet;

desired signal level calculating means for cal-
culating a desired signal level on the basis of
the interference level obtained in the measure-
ment;

desired signal level notifying means for notify-
ing a sender station of the packet, of the desired
signal level thus calculated;

transmission power amount calculating means
for calculating a transmission power amount of
a packet on the basis of a desired signal level
notified of by another station, at the time of
transmitting or relaying a packet; and
determining means for determining whether the
packet is transmissible to the station as a
source of the desired signal level, on the basis
of the transmission power amount calculated
by the transmission power amount calculating
means.

The radio communication system according to
Claim 17, wherein the base station further compris-
es:

attribution information holding means which
holds attribution information of each mobile sta-
tion and each relay station capable of direct
communication with its own station, and attri-
bution information of each mobile station and
each relay station incapable of direct commu-
nication with its own station but capable of di-
rect communication with a relay station.
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19. The radio communication system according to

Claim 17, wherein the base station further compris-
es:

destination deciding means for deciding a mo-
bile station or a relay station as a destination to
which the base station should transmit a pack-
et, on the basis of at least one of a reception
level of a control signal, an interference level at
its own station, and a hop count from a trans-
mission-originating station to its own station.

20. The radio communication system according to

Claim 17, wherein the base station further compris-
es:

channel group selecting means for selecting a
channel group for transmission/reception on
the basis of a transmitting direction of a packet;
and

signal transmitting means for transmitting a sig-
nal to be transmitted, on a channel according
to the selected channel group.

21. The radio communication systemaccording to

Claim 17, wherein the mobile station further com-
prises:

destination deciding means for deciding a base
station or a relay station as a destination to
which the mobile station should transmit a
packet, on the basis of a reception level of a
control signal or a hop count from the base sta-
tion to its own station.

22. The radio communication system according to

Claim 17, wherein the mobile station further com-
prises:

channel group selecting means for selecting a
channel group for transmission/reception on
the basis of both or one of a hop count from the
base station to its own station and a transmit-
ting direction of a packet; and

signal transmitting means for transmitting a sig-
nal to be transmitted, on a channel according
to the selected channel group.

23. The radio communication system according to

Claim 17, wherein the relay station further compris-
es:

destination deciding means for deciding a sta-
tion as a destination to which the relay station
should transmit a packet, on the basis of a re-
ception level of a control signal or a hop count
from the base station to its own station.
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The radio communication system according to
Claim 17, wherein the relay station further compris-
es:

decoding means for despreading a signal re-
ceived from the mobile station, the base station,
and another relay station to decode the signal
into an information sequence signal; and
spread signal generating means for spreading
the decoded information sequence signal to
generate a spread signal.

The radio communication system according to
Claim 24, wherein, when the relay station compris-
es at least the transmission power amount calculat-
ing means,

the transmission power calculated by the
transmission power amount calculating means is
assigned to the spread signal generated by the
spread signal generating means, and the spread
signal is transmitted.

The radio communication system according to
Claim 17, wherein the relay station further compris-
es:

channel group selecting means for selecting a
channel group for transmission/reception on
the basis of both or one of a hop count from the
base station to its own station and a transmit-
ting direction of a packet; and

signal transmitting means for transmitting a sig-
nal to be transmitted, on a channel according
to the selected channel group.

The radio communication system according to
Claim 17, wherein the relay station is comprised of
a station having a function of the mobile station, or
a relaying device installed in a vehicle or in station-
ary facilities.

A base station constituting a radio communication
system for communication based on a wireless
packet transmission system, with a mobile station
and a relay station having a relaying function in
packet transmission, the base station comprising:

interference level measuring means for meas-
uring an interference level at the time of receiv-
ing a packet;

desired signal level calculating means for cal-
culating a desired signal level on the basis of
the interference level obtained in the measure-
ment; and

desired signal level notifying means for notify-
ing a sender station of the packet, of the desired
signal level thus calculated.
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The base station according to Claim 28, wherein the
interference level measured by the interference lev-
el measuring means is an interference level at the
base station of a channel group used in reception
of the packet.

A base station constituting a radio communication
system applying CDMA to a radio multiplexing
scheme of packet transmission, with a mobile sta-
tion and a relay station having a relaying function in
packet transmission, the base station comprising:

interference level measuring means for meas-
uring an interference level at its own station of
a channel group used in reception, at the time
of receiving a packet;

desired signal level calculating means for cal-
culating a desired signal level on the basis of
the interference level obtained in the measure-
ment; and

desired signal level notifying means for notify-
ing a sender station of the packet, of the desired
signal level thus calculated.

The base station according to Claim 28, further
comprising:

transmission power amount calculating means
for calculating a transmission power amount of
a packet on the basis of a desired signal level
notified of by another station, at the time of
transmitting a packet; and

determining means for determining whether the
packet is transmissible to the station as a
source of the desired signal level, on the basis
of the transmission power amount calculated
by the transmission power amount calculating
means.

The base station according to Claim 31, further
comprising destination deciding means for deciding
a mobile station or a relay station as a destination
to which the base station should transmit a packet,
on the basis of at least one of a reception level of a
control signal, an interference level at its own sta-
tion, and a hop count from a transmission-originat-
ing station to its own station.

The base station according to Claim 28, further
comprising attribution information holding means
which holds attribution information of each mobile
station and each relay station capable of direct com-
munication with its own station, and attribution in-
formation of each mobile station and each relay sta-
tion incapable of direct communication with its own
station but capable of direct communication with a
relay station.
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The base station according to Claim 28, further
comprising:

channel group selecting means for selecting a
channel group for transmission/reception on
the basis of a transmitting direction of a packet;
and

signal transmitting means for transmitting a sig-
nal to be transmitted, on a channel according
to the selected channel group.

A mobile station constituting a radio communication
system for communication based on a wireless
packet transmission system, with a base station
and a relay station having a relaying function in
packet transmission, the mobile station comprising:

transmission power amount calculating means
for calculating a transmission power amount of
a packet on the basis of a desired signal level
notified of by a sender station of the packet; and
determining means for determining whether the
packet is transmissible from the sender station,
on the basis of the transmission power amount
calculated by the transmission power amount
calculating means.

The mobile station according to Claim 35, further
comprising:

interference level measuring means for meas-
uring an interference level at the time of receiv-
ing a packet;

desired signal level calculating means for cal-
culating a desired signal level on the basis of
the interference level obtained in the measure-
ment; and

desired signal level notifying means for notify-
ing a sender station of the packet, of the desired
signal level thus calculated.

The mobile station according to Claim 36, wherein
the interference level measured by the interference
level measuring means is an interference level at
the mobile station of a channel group used in recep-
tion of the packet.

A mobile station constituting a radio communication
system applying CDMA to a radio multiplexing
scheme of packet transmission, with a base station
and a relay station having a relaying function in
packet transmission, the mobile station comprising:

transmission power amount calculating means
for calculating a transmission power amount of
a packet on the basis of a desired signal level
notified of by the base station or the relay sta-
tion; and
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determining means for determining whether the
packet is transmissible to the station as a
source of the desired signal level, on the basis
of the transmission power amount calculated
by the transmission power amount calculating
means.

The mobile station according to Claim 35, further
comprising destination deciding means for deciding
a base station or a relay station as a destination to
which the mobile station should transmit a packet,
on the basis of at least one of a reception level of a
control signal, an interference level at its own sta-
tion, and a hop count from a transmission-originat-
ing station to its own station.

The mobile station according to Claim 35, further
comprising:

channel group selecting means for selecting a
channel group for transmission/reception on
the basis of both or one of a hop count from the
base station to its own station and a transmit-
ting direction of a packet; and

signal transmitting means for transmitting a sig-
nal to be transmitted, on a channel according
to the selected channel group.

A relay station constituting a radio communication
system for communication based on a wireless
packet transmission system, with a base station
and a mobile station and having a relaying function
in packet transmission, the relay station comprising:

interference level measuring means for meas-
uring an interference level at the time of receiv-
ing a packet; desired signal level calculating
means for calculating a desired signal level on
the basis of the interference level obtained in
the measurement; and

desired signal level notifying means for notify-
ing a sender station of the packet, of the desired
signal level thus calculated.

The relay station according to Claim 41, further
comprising:

determining means for determining whether a
packet is transmissible from the sender station,
on the basis of at least one of the interference
level, the desired signal level, a reception level
of a control signal, and a hop count from the
base station to its own station,

wherein the desired signal level notifying
means notifies the sender station of the desired sig-
nal level according to a result of the determination
by the determining means.
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The relay station according to Claim 41, wherein the
interference level measured by the interference lev-
el measuring means is an interference level at the
relay station of a channel group used in reception
of the packet.

A relay station constituting a radio communication
system applying CDMA to a radio multiplexing
scheme of packet transmission, with a base station
and a mobile station and having a relaying function
in packettransmission, the relay station comprising:

interference level measuring means for meas-
uring an interference level at its own station of
a channel group used in reception, at the time
of receiving a packet;

desired signal level calculating means for cal-
culating a desired signal level on the basis of
the interference level obtained in the measure-
ment; and

desired signal level notifying means for notify-
ing a sender station of the packet, of the desired
signal level thus calculated.

The relay station according to Claim 41, further
comprising:

transmission power amount calculating means
for calculating a transmission power amount of
a packet on the basis of a desired signal level
notified of by another station, at the time of re-
laying a packet; and

determining means for determining whether the
packet is transmissible to the station as a
source of the desired signal level, on the basis
of the transmission power amount calculated
by the transmission power amount calculating
means.

The relay station according to Claim 41, further
comprising destination deciding means for deciding
a station as a destination to which the relay station
should transmit a packet, on the basis of at least
one of a reception level of a control signal, an inter-
ference level at its own station, and a hop count
from a transmission-originating station to its own
station.

The relay station according to Claim 41, further
comprising:

decoding means for despreading a signal re-
ceived from the mobile station, the base station,
and another relay station to decode the signal
into an information sequence signal; and
spread signal generating means for spreading
the decoded information sequence signal to
generate a spread signal.
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The relay station according to Claim 47, wherein,
when the relay station comprises at least the trans-
mission power amount calculating means,

the transmission power calculated by the
transmission power amount calculating means is
assigned to the spread signal generated by the
spread signal generating means and the spread
signal is transmitted.

The relay station according to Claim 41, further
comprising:

channel group selecting means for selecting a
channel group for transmission/reception on
the basis of a hop count from a transmission-
originating station to its own station; and
signal transmitting means for transmitting a sig-
nal to be transmitted, on a channel according
to the selected channel group.

The relay station according to Claim 41, therelay
station being comprised of a station having a func-
tion of the mobile station, or a relaying device in-
stalled in a vehicle or in stationary facilities.

A packet transmission control method in a radio
communication system comprising a base station,
a mobile station, and a relay station having a relay-
ing function in multihop packet transmission and
configured to perform communication based on a
wireless packet transmission system, the packet
transmission control method comprising:

an interference level measuring step wherein a
receiver station in the packet transmission
measures an interference level;

a desired signal level calculating step wherein
the receiver station calculates a desired signal
level on the basis of the interference level ob-
tained in the measurement;

a desired signal level notifying step wherein the
receiver station notifies a sender station of the
desired signal level thus calculated;

a transmission power amount calculating step
wherein the sender station calculates a trans-
mission power amount of a packet on the basis
of the desired signal level thus notified of;

a determining step wherein the sender station
determines whether the packet is transmissible
to the receiver station, on the basis of the trans-
mission power amount thus calculated; and

a packet transmitting step wherein the sender
station transmits the packet by a power accord-
ing to the transmission power amount for the
receiver station, to the receiver station deter-
mined as a packet-transmissible station.

52. A packet transmission control method executed at
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the time of transmitting a packet from a mobile sta-
tion via a relay station to a base station in a radio
communication system comprising a base station,
a mobile station, and a relay station having a relay-
ing function in packet transmission and applying
CDMA to a radio multiplexing scheme of packet
transmission, the packet transmission control meth-
od comprising:

an interference level measuring step wherein a
receiver station of a packet measures an inter-
ference level at its own station of the received
packet;

a desired signal level calculating step wherein
the receiver station calculates a desired signal
level on the basis of the interference level ob-
tained in the measurement;

a desired signal level notifying step wherein the
receiver station notifies a sender station of the
packet, of the desired signal level thus calcu-
lated;

a transmission power amount calculating step
wherein the sender station calculates a trans-
mission power amount of a packet on the basis
of the desired signal level thus notified of;

a determining step wherein the sender station
determines whether the packet is transmissible
to the receiver station, on the basis of the trans-
mission power amount thus calculated; and

a packet transmitting step wherein the sender
station transmits the packet by a power accord-
ing to the transmission power amount for the
receiver station, to the receiver station deter-
mined as a packet-transmissible station.

The packet transmission control method according
to Claim 51, further comprising a mobile station des-
tination deciding step wherein the mobile station de-
fined as the receiver station decides a base station
or a relay station as a destination to which the mo-
bile station should transmit a packet, on the basis
of atleast one of a reception level of a control signal,
an interference level at its own station, and a hop
count from a transmission-originating station to its
own station.

The packet transmission control method according
to Claim 51, further comprising a base station des-
tination deciding step wherein the base station de-
fined as the receiver station decides a mobile sta-
tion or a relay station as a destination to which the
base station should transmit a packet, on the basis
of at least one of a reception level of a control signal,
an interference level at its own station, and a hop
count from a transmission-originating station to its
own station.

The packet transmission control method according



56.

57.

58.

59.

43

to Claim 51, further comprising a relay station des-
tination deciding step wherein the relay station de-
fined as the receiver station decides a station as a
destination to which the relay station should trans-
mit a packet, on the basis of at least one of a recep-
tion level of a control signal, an interference level at
its own station, and a hop count from a transmis-
sion-originating station to its own station.

The packet-transmission control method according
to Claim 51, further comprising:

a decoding step wherein the relay station de-
spreads a signal received from the mobile sta-
tion, the base station, and another relay station
to decode the signal into an information se-
quence signal; and

a spread signal generating step wherein the re-
lay station spreads the decoded information se-
quence signal to generate a spread signal.

The packet transmission control method according
to Claim 51, further comprising:

a channel group selecting step wherein the mo-
bile station and the relay station select a chan-
nel group for transmission/reception on the ba-
sis of both or one of a hop count from a trans-
mission-originating station to its own station
and a transmitting direction of a packet and
wherein the base station selects a channel
group for transmission/reception on the basis
of a transmitting direction of a packet; and

a signal transmitting step wherein the mobile
station, the relay station, and the base station
transmit a signal to be transmitted, on a channel
according to the selected channel group.

The packet transmission control method according
to Claim 57, wherein the channel group selecting
step is to divide transmission channels for transmis-
sion of signals into two channel groups, and

wherein in a common manner in the base sta-
tion, the relay station, and the mobile station, one
channel group is assigned to an uplink signal a
source of which is the mobile station, and the other
channel group is assigned to a downlink signal a
source of which is the base station.

The packet transmission control method according
to Claim 57, wherein the channel group selecting
step is to divide transmission channels for transmis-
sion of signals into four channel groups,

wherein in a common manner is the base sta-
tion, the relay station even-numbered from the base
station, and the mobile station a hop count of which
from the base station is an even number, a first
channel group is assigned to a downlink signal a
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source of which is the base station, and a second
channel group is assigned to an uplink signal a
source of which is the mobile station, and

wherein in a common manner in the relay sta-
tion odd-numbered from the base station, and the
mobile station a hop count of which from the base
station is an odd number, a third channel group is
assigned to the downlink signal and a fourth chan-
nel group is assigned to the uplink signal.

The packet transmission control method according
to Claim 57, wherein the channel group selecting
step is to divide transmission channels for transmis-
sion of signals into N channel groups (N is an inte-
ger not less than 3), and

wherein in each of the base station, the relay
station, and the mobile station, the N channel
groups are assigned so that an identical channel
group is assigned to an uplink signal and a downlink
signal transmitted from one station and so that dif-
ferent channel groups are assigned to an uplink sig-
nal and a downlink signal received thereby, respec-
tively.

The packet transmission control method according
to Claim 57, wherein the channel group selecting
step is to divide transmission channels for transmis-
sion of signals into two channel groups,

wherein transmission from the base station
and from the relay station and the mobile station
even-numbered from the base station is carried out
by a first channel group and reception therein by a
second channel group, and

wherein transmission from the relay station
and the mobile station odd-numbered from the base
station is carried out by the second channel group
and reception therein by the first channel group.

The packet transmission control method according
to Claim 57, wherein the channel groups are com-
prised of channel groups divided by frequency.

The packet transmission control method according
to Claim 57, wherein the channel groups are com-
prised of channel groups divided by time.

The packet transmission control method according
to Claim 57, wherein the channel groups are com-
prised of channel groups divided by both frequency
and time.
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